Group B streptococci (GBS) are the leading cause of invasive C5a, a cleavage product of C5, is produced when the complement cascade is activated. Human C5a is a 74-aa peptide that bacterial disease in human neonates. Lack of antibody to GBS bacterial polysaccharide capsule, frequent colonization of the is rapidly converted to C5a desarg in serum by the action of carboxypeptidase N, an enzyme that removes the carboxy termaternal genital tract, and the neonate's immature immune system contribute to the susceptibility of the neonate to GBS minal Arg from the molecule [7] . C5a and C5a desarg are the major chemoattractants for PMNL produced after serum cominfections, but other virulence factors involved in the pathogenesis of GBS disease are poorly defined [1] . plement is activated [8] . Decreased production of C5a resulting from minimal activation of complement during GBS infection Neonatal GBS infections are often overwhelming and may be characterized by a poor polymorphonuclear leukocyte could therefore contribute to a poor inflammatory response. GBS may also reduce the proinflammatory effects of C5a and (PMNL) influx into infected tissues [2, 3] . The lack of a vigorous PMNL response may contribute to systemic GBS invasion, C5a desarg by a separate mechanism. Many GBS strains express an enzyme, called C5a-ase, that rapidly inactivates C5a and since a major role of PMNL is rapid ingestion and destruction of bacteria in tissue. The reasons for this poor PMNL response C5a desarg by cleaving the C5a molecule between the His and Lys present at aa positions 67 and 68 [9, 10] . Cleavage of C5a are not completely understood. Various aspects of the human neonatal inflammatory response are less vigorous than that of at this peptide bond drastically reduces the ability of the C5a molecule to bind to its PMNL receptor and destroys the agonist adults. For instance, human neonatal PMNL have less directed activity of C5a for human PMNL [10] . An interesting property mobility towards chemoattractants than adult PMNL [4] , which of GBS C5a-ase is its ability to inactivate C5a/C5a desarg from may partly account for the decreased PMNL inflammatory reonly a limited number of species. We have shown that GBS sponse found in neonates dying of GBS infections. In addition, C5a-ase does not inactivate C5a/C5a desarg prepared from several the GBS capsule, by virtue of its ability to prevent complement species, including mice, rats, rabbits, sheep, pigs, and guinea activation [5] , may not only reduce opsonization of bacteria pigs, but inactivates C5a/C5a desarg from monkeys and cows [11] . by fragments of the C3 complement component but may also
This property of GBS C5a-ase imposes considerable restricdecrease production of the complement-derived PMNL chemotions on investigations of its role in the pathogenesis of experiattractant C5a [6] .
mental GBS infections. An experimental approach to investigate the role of C5a/ C5a desarg in the pathogenesis of GBS infections is to compare JID 1997; 175 (April) human PMNL were labeled with 111 In-oxine and resuspended at and C5-sufficient strains of the B10.D2 mouse. Since murine 5 affect the acute inflammatory response of GBS-infected ani-
The percentage of adherent cells is expressed as the ratio of counts per minute (cpm) in the adherent fraction divided by total cpm.
mals.
C5a-ase activity was also demonstrated by the ability of C5a-ase to inactivate the chemoattractant activity of rhC5a for human
Materials and Methods
PMNL. The chemoattractant activity of C5a was determined in a Preparation of the GBS strain that does not express C5a-ase modified Boyden chamber as described [9, 10] . Briefly, rhC5a was by transposon-insertional mutagenesis. Transposon-induced muincubated with the GBS as for the adherence assay and treated tants of type III GBS strain COH-1 were prepared using transposon rhC5a or buffer control was added to the bottom chamber of the Tn916DE. Tn916DE is a derivative of transposon Tn916 in which Boyden assay. PMNL were added to the upper well of the chamber, the tetracycline resistance gene has been replaced with a constituand chambers were incubated at 37ЊC for 2 h. Filters were removed tive erythromycin resistance gene [15] . Conjugation of Tn916DE and stained with hematoxylin, and the number of PMNL that had from Enterococcus faecalis RH110 to type III GBS COH-1 was migrated completely through 10 random 1400 power fields per done as previously described [16] . Tn916DE does not require filter (the chemotactic index) was determined by microscopy with extrachromosomal elements for conjugation events. Thus, no plasa photographic reticle in the eyepiece [9, 10] . mid was required to produce transconjugants. Transconjugants
The ability of GBS C5a-ase to inactivate the chemoattractant were selected to grow on Todd-Hewitt agar containing tetracycline activity of zymosan-activated mouse plasma for mouse peritoneal (10 mg/mL) (to select for GBS) and erythromycin (15 mg/mL) (to neutrophils was also tested using the modified Boyden chamber. select for Tn916DE) and screened for C5a-ase activity.
Blood was collected from C5-sufficient NSN or C5-deficient OSN Testing GBS transconjugants for C5a-ase activity. Transconjumice by retroorbital puncture using heparinized Pasteur pipettes, gant GBS colonies were screened for the presence or absence of and plasma was separated by centrifugation at 900 g for 15 min C5a-ase by assessing the ability of the GBS to inactivate C5a at 4ЊC. Zymosan (10 mg/mL) was incubated with the plasma at agonist activity for human PMNL as determined by adherence 37ЊC for 60 min with constant rotation. The zymosan was removed of human PMNL to gelatin-coated tissue culture wells [10] . A by centrifugation at 900 g for 10 min. To avoid further complement modification of a quantitative 111 In-labeled PMNL adherence assay activation, the plasma was heated at 56ЊC for 30 min. GBS (10 9 / (described in [10]) was used to visually screen for C5a-ase activity. mL) were mixed with the zymosan-activated plasma for 30 min PMNL were isolated from the peripheral blood of normal human at 37ЊC and removed from the plasma by centrifugation. Mouse adults by dextran sedimentation, hypotonic lysis, and centrifugaperitoneal PMNL were obtained from peritoneal lavage fluids 4 h tion through ficoll-hypaque. Purified human PMNL were susafter intraperitoneal (ip) injection of 1% oyster glycogen (Sigma /HSA). Individual transconjugant colonies from the seC5a-ase activity was also assessed in the transconjugants by the lective Todd-Hewitt agar were grown in 1 mL of Todd-Hewitt ability of C5a-ase to induce an electrophoretic shift in the size of broth and pelleted, and the bacterial pellets were resuspended and C5a on SDS-PAGE, indicating a 700-Da reduction in the size of incubated with recombinant human C5a (rhC5a; Sigma, St. Louis) the C5a molecule as described [9, 10] . at 1 mg/mL for 30 min at 37ЊC. The bacteria were removed by Southern blot analysis of GBS DNA. GBS were grown overhigh-speed centrifugation, and 25 mL of the C5a-containing supernight in 10 mL of Todd-Hewitt broth, pelleted, washed, and resusnatant was added to a 225-mL suspension of unlabeled human pended in 0.9 mL of TE buffer (10 mM TRIS-HCl, 1 mM EDTA, PMNL in 16-mm tissue culture wells that had been previously pH 8.0). The cell wall was digested with 500 U of mutanolysin coated with gelatin. The wells were incubated for 5 min at 37ЊC, in 100 mL of TE buffer for 30 min at 37ЊC. The bacteria were flooded with Wright's stain for 1 min, which was then removed, then lysed with 2% SDS for 30 min at 60ЊC. After cell debris was and washed with water. Wells were visually evaluated macroscopipelleted in a microcentrifuge, the supernatant was treated with 2 cally for stained PMNL adhering to well bottoms. The presence mg of ribonuclease A for 30 min at 37ЊC and then by 200 ng of of dark blue staining due to the presence of adherent cells sugprotease K for 60 min at 37ЊC. The DNA was extracted with gested that the transconjugant lacked C5a-ase activity, since the phenol-chloroform-isoamyl alcohol (25:24:1), followed by three rhC5a retained the ability to promote PMNL adherence. This visual sequential extractions with 2-butanol, and precipitated with 100% assay was used to screen ú3000 transconjugants for the absence ethanol and 3 M NaAc. The DNA was dissolved in 1 mL of TE of C5a-ase activity.
buffer. The lack of C5a-ase activity in transconjugants was confirmed Bacterial DNA (2.5 mg) was digested with 5 U of restriction enzymes. Tn916DE lacks restriction sites for the three enzymes using a quantitative 111 In-labeled PMNL adhesion assay. Purified / 9d21$$ap39 02-11-97 02:03:28 jinfa UC: J Infect used (EcoRI, BamHI, and BglII) [15] . The cut DNA was electroneedle, a small incision was made in the trachea, and 0.01 mL of a 10 11 cfu/mL GBS suspension was injected into the hole using a phoresed in horizontal slab agarose gels in TRIS-acetate-EDTA and applied to membranes (Biotrace RP; Gelman Sciences, Ann blunt insulin syringe. The incision was covered with a small sterile piece of Gelfoam (Upjohn, Kalamazoo, MI), and the skin was Arbor, MI) by capillary transfer in 0.4 N NaOH. Membranes were baked for 1 h at 80ЊC, washed for 60 min at 65ЊC in 0.11 standard closed with a 6.0 silk suture. Mice were warmed, and oxygen was administered if mice exhibited respiratory distress. At 4 h after saline citrate (SSC) containing 0.5% SDS, and prehybridized in a solution containing 51 Denhardt's solution, 0.5% SDS, and 10 intratracheal inoculation, mice were sacrificed by lethal inhalation of halothane, and the trachea was reexposed. A small catheter mM EDTA at 45ЊC. The oligonucleotide 5-GGATTAGTAGCT-CATATCTTTAAAACAAAACGCC-3, which contains sequence attached to a blunt 27-gauge needle was inserted 0.5 cm into the trachea. Lungs were lavaged with 0.5-mL aliquots of PBS confrom the 3 end of the gene encoding group A streptococcus (GAS) SCP-B (which is highly homologous to GBS C5a-ase [17] ), was taining 0.5 mM EDTA to a total volume of 5 mL. We routinely recovered 85%-95% of the bronchoalveolar lavage fluid. synthesized (model 380A; Applied Biosystems, Foster City, CA) and used after two extractions with 2-butanol. The oligonucleotide
Determination of white blood cell (WBC) and PMNL concentration in lavage fluids. We determined the WBC concentration in was labeled as previously described [18] and purified using a nucleic acid purification cartridge (Nensorb; DuPont NEN, Boston).
lavage fluid by hemocytometer. The percentage of PMNL was determined by differential count on a cytocentrifuge preparation Membrane hybridization with 32 P-labeled oligonucleotide was done overnight in 15 mL of solution containing 61 NET (0.15 M of lavage fluids that was stained with Wright-Giemsa stain (EM Diagnostic System, Gibbstown, NJ). Total PMNL in lavage fluids NaCl, 1 mM EDTA, 15 mM TRIS, pH 8.3), 51 Denhardt's solution, 0.1% SDS, and 100 mg/mL salmon sperm DNA. Membranes was determined by multiplying the concentration of PMNL by the total volume recovered. were washed twice at room temperature in a solution of 61 SSC, washed again in 0.11 SSC for 30 min at 50ЊC, and exposed to PMNL count. Peripheral mouse blood (20 mL) from the retroorbital plexus was diluted in 20 mL of red blood cell lysing soluautoradiographic film at 070ЊC for 20 h.
Experimental infection with GBS. Aliquots of the GBS strains tion. The WBC concentration was determined in a cell counter (Coulter, Hialeah, FL). The PMNL concentration was determined were maintained at 070ЊC in Todd Hewitt broth. For experimental infections with GBS, an aliquot was thawed, inoculated into fresh by differential count on a Wright-stained blood smear slide. Purification of human C5. Human C5 was prepared by a modiTodd Hewitt broth, and grown at 37ЊC for 16-18 h. Stationaryphase bacteria were washed three times and resuspended in pyrofication of a previously described method [20] . Blood (750 mL) was drawn from adult volunteers into red-capped Vacutainer tubes gen-free HBSS solution without calcium or magnesium (HBSS 00 ; BioWhittaker, Walkersville, MD). After the final wash, the bacte-(Becton Dickinson, Rutherford, NJ). The blood was clotted for 30 min on ice, separated by centrifugation at 900 g for 15 min at 4ЊC, rial concentration was adjusted by spectrophotometric absorbance at 620 nm (A 620 Å 0.9 corresponding to 5 1 10 8 cfu/mL). The treated with 1 mM phenylmethylsulfonyl fluoride (Sigma), and precipitated with 15% polyethylene glycol 3350 (Sigma) for 30 bacterial suspension was kept on ice until use.
Adult male (6-10 weeks old) congenic C5-sufficient min on ice. The precipitant was collected following centrifugation and resuspended in 3 mM KH 2 PO 4 , 6.5 mM EDTA, 33 mM e-(B10.D2.NSN) and C5-deficient (B10.D2. OSN) mice were purchased from Jackson Laboratory (Bar Harbor, ME). C5-deficient aminocaproic acid, and 50 mM NaCl, pH 7.3 (buffer A). The precipitant was applied to a 2.5-L DEAE-Sephacel column (Phar-OSN mice do not produce C5 because of a 2-bp deletion in the C5 gene [19] . The mice were anesthetized for brief periods with macia Biotech, Piscataway, NJ) that was preequilibrated with 4 L of buffer A. The sample was loaded on the column at a flow rate methoxyflurane (Pitmann-Moore, Mundelein, IL) before ip infection. We injected 0.5 mL of the GBS suspension at 5 1 10 8 cfu/ of 5 mL/min. The DEAE column was then washed and eluted with a 4-L gradient of 50-250 mM NaCl. C5 in column fractions was mL or 0.5 mL of HBSS alone or 0.5 mL of HBSS 00 , as controls, into the peritoneal cavities of adult C5-sufficient NSN and C5-determined by a functional assay (described below), and C3 was detected by radial immunodiffusion with rabbit immunoglobulins deficient OSN mice, using a 27-gauge needle and a 1-mL tuberculin syringe. In experiments in which animals were reconstituted to human C3c antibodies (Dako, Carpinteria, CA). C5 and C3 eluted in two overlapping peaks. Fractions containing the C5 peak with human C5, the mice were injected with purified human C5 alone diluted in 0.5 mL of HBSS 00 or with 0.5 mL of GBS were pooled, concentrated by ultrafiltration, and dialyzed into buffer A. The C5 pooled sample was loaded onto a 40 mL Mono suspension (5 1 10 8 cfu/mL) containing purified human C5. After 2 h, the mice were sacrificed by lethal halothane inhalation (Halo-Q Sepharose fast protein liquid chromatography column preequilibrated with buffer A. Proteins were eluted with a linear gradient carbon Laboratory, North Augusta, SC), and 5 mL of HBSS 00 containing 0.5% human serum albumin was injected into the periof 50-250 mM NaCl. C5-containing fractions were pooled and further purified using gel-filtration column chromatography (Sephtoneal cavity. The abdomen was gently massaged, and a small incision in the abdominal wall was made. The ip lavage fluid was acryl-200; Pharmacia Biotech). The column fractions that contained high C5 activity and little contaminating C3 were pooled. collected and pooled. We routinely recovered 70%-85% of the lavage fluid volume.
The C5 preparation was then absorbed with protein G-agarose, anti-human IgM agarose, and anti-IgA agarose (Sigma). The final For intratracheal infections, mice were anesthetized with 1 mg of sodium pentobarbital ip (Abbott Laboratories, Abbott Park, IL).
C5 preparation (5.25 mg) was electrophoretically pure as analyzed by SDS-PAGE and contained Ç10 ng of IgM, 100 ng of IgA, and Bacterial suspensions were adjusted to 10 11 cfu/mL in HBSS
00
. An incision was made in the anterior portion of the neck, the tissue 0 ng of IgG per 10 mg of total protein as determined by immunoblot. The purified human C5 was concentrated and dialyzed into was dissected, and the trachea was exposed aseptically. Two 3.0 silk sutures were inserted beneath the trachea. With a 27-gauge pyrogen-free normal saline. separate well under these conditions. Consistent differences in mL. The following reaction mixtures were prepared: column fracthe positions of the bands between the parent and mutant strains tion samples each consisting of 50 mL of GP-E, 50 mL of CoFBb is evidence for insertion of Tn916DE in or near the C5a-ase complex, 100 mL of human C5-deficient serum, and 10 mL of gene. Southern blot analysis of restriction enzyme digests of column fraction; a cell blank (CB) consisting of 50 mL of GP-E and 160 mL of GVBE (GVBS / 10 mM EDTA); CB plus comple-UU-223 DNA with an oligonucleotide probe derived from the ment (CBC) consisting of 50 mL of GP-E, 100 mL of human C5-sequence of Tn916DE revealed that multiple ( §3) copies of deficient serum, and 60 mL of GVBE; serum control consisting Tn916DE are inserted into the UU-223 chromosome (data not of 50 mL of GP-E, 50 mL of CoFBb complex, 100 mL of human shown). Despite the insertion of multiple transposons in UU-C5-deficient serum, and 10 mL of GVBE; and a lysis blank con-223, UU-223 and the parent COH-1 strain had identical growth sisting of 50 mL of GP-E and 160 mL of dH 2 O. All reaction rates in vitro (data not shown).
mixtures were incubated at 37ЊC in a waterbath for 30 min with
Mice were infected intraperitoneally with 2. 
Infection (ip) of the C5-sufficient strain with GBS caused a
Statistics. Statistical significance was determined using Stusignificantly higher PMNL influx into the peritoneal cavities dent's t test for unpaired samples.
of the C5-sufficient mice than in C5-deficient mice (P õ .05, Student's t test). These results suggest that generation of C5a from C5 is important for rapid accumulation of PMNL in the Results peritoneal cavity in this model of GBS infection. There was no difference in peritoneal PMNL accumulation We screened 3659 erythromycin-resistant colonies generated by mating GBS COH-1 with the Tn916DE-donor strain E.
between C5-sufficient mice infected by C5a-ase -positive (COH-1) or C5a-ase -negative (UU-223) GBS strains (figure faecalis RH110. One strain, which we named UU-223, totally lacked C5a-ase activity as determined by a quantitative assay 4). Thus, the presence of C5a-ase did not affect the acute PMNL response in the C5-sufficient mouse, indicating that for C5a activity that uses 111 In-labeled PMNL as an indicator of functional C5a activity ( figure 1A) . The UU-223 strain was C5a-ase does not inactivate murine C5a in vivo. An alternative explanation for the equivalent PMNL responses to C5a-asealso shown to lack C5a-ase activity by its inability to inactivate the chemotactic activity of C5a for PMNL (figure 1B). Incubanegative and -positive GBS strains in the C5-sufficient strains would be that mutation of COH-1 to the C5a-ase -negative UUtion of the UU-223 strain with 125 I-rhC5a did not cause the characteristic 700-Da decrease in the size of C5a detectable by 223 strain caused UU-223 to incite a greater C5a-independent PMNL influx in vivo than COH-1. This explanation seems SDS-PAGE that is induced by C5a-ase [9, 10] ( figure 1C) . Consistent with previous results [11], neither COH-1 nor UUunlikely, since PMNL accumulation in the C5-deficient mice was not significantly different in response to infection with 223 inactivated the chemotactic activity of mouse zymosanactivated plasma for mouse peritoneal neutrophils (figure 2).
C5a-ase -negative UU-223 or C5a-ase -positive COH-1 (figure 4) . Control experiments (not shown) revealed that zymosan-activated plasma prepared from C5-deficient mice did not possess Adult C5-sufficient NSN and C5-deficient OSN mice were injected intratracheally with either buffer or 10 9 cfu of the C5a-chemotactic activity, confirming that C5a/C5a desarg is the major PMNL chemoattractant generated in zymosan-activated mouse ase -negative UU-223 to examine the role that C5 plays in pulmonary infection with GBS. Animals were killed 4 h later, plasma. These data further confirm that GBS C5a-ase does not inactivate murine C5a/C5a desarg under these conditions [11] .
lungs were lavaged with a total volume of 5 mL of buffer through the tracheal incision, and the concentration and total We probed restriction endonuclease -digested DNA from the COH-1 and UU-223 strains with an oligonucleotide that number of PMNL were determined in the lavage fluid. As shown in figure 5 , a minimal number of PMNL was recovered hybridizes with the C5a-ase gene to determine if a transposon was inserted in the C5a-ase gene in UU-223. Southern hybridfrom animals injected intratracheally with buffer. In contrast, a large number of PMNL was recovered from both C5-deficient ization demonstrated that restriction fragments from the UU-/ 9d21$$ap39 02-11-97 02:03:28 jinfa UC: J Infect Figure 1 . GBS strains COH-1, transconjugant UU-223, and C5a-ase -negative GW [9] were incubated 30 min with recombinant human (rh) C5a. Agonist activity of rhC5a was determined by polymorphonuclear leukocyte (PMNL) adherence assay (A) or by PMNL chemotactic activity (B). In both assays, final concentration of rhC5a was 100 ng/mL. Exposure to COH-1 but not UU-223 inactivated rhC5a. C, SDS-PAGE autoradiograph of 125 I-labeled rhC5a incubated with GBS strains 7360, GW, UU-223, or COH-1. C5a decreased in size after incubation with strains that express C5-ase (7360 and COH-1) but not C5a-ase -negative (GW or transconjugant UU-223). These results show that UU-223 does not express C5a-ase activity. Mr Å relative molelcular weight. gested DNA from GBS COH-1 and transconjugant UU-223 with COH-1 or UU-223 for 30 min at 37ЊC, diluted to indicated concentraoligonucleotide that hybridizes with C5a-ase gene shows increase in tion, and assayed for chemotactic activity for murine peritoneal polysize of restriction fragments prepared from UU-223. Size increase is morphonuclear leukocytes. Chemotactic activity was not affected by consistent with size of Tn916DE, implying transposon insertion in or exposure to C5a-ase -positive COH-1 or C5a-ase -negative UU-223 near C5a-ase gene. strains.
/ 9d21$$ap39
02-11-97 02:03:28 jinfa UC: J Infect and -sufficient mice infected with GBS. There was a signifimum PMNL recruitment matched that seen after GBS infection cantly higher concentration of PMNL (P õ .05) in the lavage of the C5-sufficient mice and occurred even in the absence of fluid from C5-sufficient mice infected with GBS than from a bacterial infection, suggesting that the C5 was activated in GBS-infected C5-deficient mice. These data imply that C5 is the peritoneal cavity. also important for rapid PMNL recruitment to the lungs of mice infected with GBS.
The differences in PMNL recruitment in the lungs and peritoneal cavities of the 2 mouse strains does not appear to be due to differences in numbers of circulating PMNL (1.15 and 0.83 1 10 6 /mL for C5-sufficient and -deficient mice, respectively; not significant, Student's t test). Similar circulating PMNL concentrations in these mouse strains have been previously reported [21] . Thus, it seems most likely that the differences between the PMNL response in the lung and peritoneal cavity in the 2 mouse strains is due to the lack of C5. To further test this hypothesis, we purified C5 from normal human volunteers and administered the human C5 to C5-deficient mice in an attempt to reconstitute the PMNL response in the C5-deficient mice.
Preliminary experiments indicated that purified human C5 injected via tail vein into C5-deficient mice resulted in circulat- To examine the effect of the GBS C5a-ase on the inflamma-C5-deficient mice with purified human C5. Others have reconstituted C5-deficient mice by administering C5-sufficient tory response seen after administration of C5, we chose a concentration of human C5 (10 mg) that alone caused a submaximal mouse plasma [22, 23] , but we believe our report is the first of reconstitution of C5-deficient mice with human C5. Intravenous increase in ip PMNL accumulation 2 h after administration. Administration of C5 along with UU-223, the C5a-ase -negaadministration of purified C5 resulted in negligible levels of C5 in mouse plasma as measured by ELISA. The reason for tive strain of GBS, caused an increase in PMNL recruitment to the peritoneal cavity that was significantly greater than that the disappearance of C5 in plasma was not immediately obvious but could result from intravascular activation of C5, a induced by UU-223 alone or C5 alone (figure 6). Thus, this concentration of human C5 can partly restore the PMNL rehypothesis consistent with the rapid drop in circulating PMNL observed after intravenous injection of C5. Additional experisponse in the C5-deficient mouse. In contrast, administration of C5 with COH-1, the strain that expresses C5a-ase, did not ments in which purified human C5 was added to C5-deficient mouse plasma resulted in generation of only small amounts of cause an increase in ip accumulation of PMNL. These data imply that the C5a-ase -positive strain of GBS can inactivate C5a/C5a desarg (data not shown). Thus, intravascular consumption of human C5 in the C5-deficient mouse probably requires C5a generated at a site of GBS infection in vivo, thereby reducing PMNL accumulation.
other elements, such as release of PMNL granule enzymes known to cleave C5 [24] . Since systemic reconstitution with C5 did not seem feasible, Discussion we decided to directly inoculate C5 into the peritoneal cavity to provide a local source of human C5. Introduction of purified Our results demonstrate that the acute PMNL response to experimental type III GBS infection in the peritoneum and lung human C5 alone into the peritoneal cavity stimulated PMNL recruitment in a concentration-dependent manner, again sugis less in C5-deficient B10.D2 OSN mice than in congenic C5-sufficient B10.D2 NSN mice. These results are consistent with gesting that the human C5 was being activated. Choosing a concentration of C5 that caused a submaximal influx of PMNL previous reports that demonstrated pulmonary PMNL response to experimental infection with Streptococcus pneumoniae, allowed us to demonstrate that the PMNL response was diminished in human C5 -reconstituted mice infected with the C5a-Pseudomonas aeruginosa, and Branhamella catarrhalis is diminished in C5-deficient mice compared with C5-sufficient ase -positive GBS compared with the response in mice infected with the mutant C5a-ase -negative GBS strain. These data immice [12 -14] . The difference in PMNL accumulation between the 2 strains was not due to a difference in circulating PMNL, ply that GBS C5a-ase can efficiently inactivate human C5a/ C5a desarg generated in vivo at sites of GBS infection. since circulating PMNL in selected animals from each strain were not significantly different, a finding reported by others Ideally, it would have been desirable to use a C5a-asenegative mutant with a single Tn916DE insertion in these [21] . Thus, the decreased PMNL accumulation in the C5-deficient strain is probably due to the absence of C5, an inference studies, and we are currently attempting to produce a deletion mutant by homologous recombination in which only the C5a-supported by the ability of human C5 to at least partially reconstitute the PMNL response in the C5-deficient mouse. We bease gene is inactivated. The presence of extra transposons in the mutant UU-223 could potentially cloud the interpretation lieve our results are the first experimental demonstration of a role for C5 in the acute inflammatory response to GBS infection of the data if the mutant intrinsically had more proinflammatory activity in vivo than the parent strain. In fact, this does not in vivo.
It is likely that C5a generation is responsible for the greater seem to be the case, as the amount of PMNL influx in response to infection with the mutant and parent strain is exactly the PMNL recruitment observed in C5-sufficient mice, since C5a and C5a desarg are the major PMNL chemoattractants generated same in both the C5-deficient mice and C5-sufficient mice. Thus, the insertion of the three transposons does not appear to in plasma after complement activation. Thus, it is important to note that the acute peritoneal PMNL response to the C5a-aseaffect any other aspect of the inflammation other than human C5a induction of PMNL infiltration as illustrated in the C5-positive strain of GBS (COH-1) does not differ from the PMNL response to the C5a-ase -negative mutant UU-223 in the C5-reconstitution experiments. Thus, we believe the C5a-ase -negative mutant UU-223 is appropriate for these studies. sufficient mouse. These 2 bacterial strains evoked similar PMNL responses in C5-deficient mice, suggesting that the C5-GBS C5a-ase is highly homologous to an enzyme produced by GAS, group A streptococcal peptidase (SCP-A), which has ase -negative mutant strain does not possess a property that incites a greater inflammatory response than the C5a-ase -posibeen extensively studied by Cleary and colleagues [17, 25 -27] . These investigators reported that mutant GAS that do not tive parent strain. Thus, the lack of difference between PMNL accumulation in response to the C5a-ase -positive and -negaproduce SCP-A provoke a greater accumulation of PMNL in a mouse air sac than the parent strain that expresses SCP-A. tive strains is due to the inability of GBS C5a-ase to inactivate murine C5a as shown here and previously [11] .
They also reported that SCP-A inactivates murine C5a/C5a desarg [27] . Before our results and those of Cleary and coworkers are We attempted to circumvent the constraint resulting from the resistance of murine C5a to GBS C5a-ase by reconstituting compared, several points should be noted. First, Ji et al. [27] / 9d21$$ap39 02-11-97 02:03:28 jinfa UC: J Infect reported that incubation of mouse zymosan -activated serum nisms of neutrophil recruitment in the neonate are also reduced as proposed [31] . with a GAS strain that expresses SCP-A inactivates only 30% of the chemotactic response, while both GAS and GBS almost completely abolish the chemotactic response to human zymosan -activated serum [9, 25] . Incubation of 5 mg/mL purified
